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SUMMARY 
This paper describes two very important and useful features available in 
Level 17.0 version of NASTHAN. The f i r s t  one i s  the APPEND feature which i s  
applicable i n  the case of real eigenvalue analysis,  This feature permits the 
addition of new eigenvalues and eigenvectors t o  those a1 ready computed in a 
previously chec kpoi nted run w i  t h o u t  re-executi ng t h e  ent i re  probl em. The second 
feature i s  the CONTINUE feature which is applicable i n  the case o f  transient 
analysis of coupled equations. This feature enables the integration of coupled 
equations to be continued beyond t h e  l a s t  (or  from any earl i e r  intermediate) 
o u t p u t  time fo r  which the solution was obtained in a previously checkpointed 
r u n  (without re-executing the enti re problem). The paper i 11 ustrates the use 
of these two features by suitable examples. 
INTRODUCTION 
The checkpointlrestart feature available in NASTRAN i s  a very useful capa- 
b i l i t y  that  permits the restarting o f  previously checkpointed runs without 
re-execut ing the ent i re  prsoblem. The modules tha t  need t o  be executed on re- 
s t a r t  are determined by the nature o f  modwifications made t o  the checkpointed 
data by the user u p o n  res ta r t .  Deperading on these modifications, four types 
o f  res ta r t s  may be identified. These are t he  Unmodified Restart, Modified 
Restart, Rigid Format Switch and Pseudo Modified Restart. The detai ls  of these 
res ta r t s  a re  discussed in Reference 1.  I t  i s  t o  be noted, however, tha t  the 
user doe? n o t  expl ici t ly  specify t h e  type o f  r e s t a r t .  I t  i s  implied and auto- 
matically determined by the changes made t o  the NASTRAN data deck upon r e s t a r t .  
I t  i s  important to  note that  a r e s t a r t  only determines the modules tha t  
need to  be executed during the current run. A r e s t a r t  does not, i n  general, 
a f f e c t  the logic o f  execution within a given module. There are ,  however, two 
important  exceptions to  th i s .  These are  the APPL'ND and CONTINUE features 
available in Level 17.0 version o f  NASTRAN. Thesa are discussed in detail  i n  
the following sections. 
THE APPEND FEATURE 
In real eigenvalue analysis, i t  i s  frequently necessary to  add new eigen- 
values and eigenvectors to  those already computed in a previous run. The APPEND 
feature available in Level 17.0 version o f  NASTRAN makes i t  possible t o  do t h i s  
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wi thou t  re -execu t ing  t h e  e n t i r e  problem. I t  i s  a v a i l a b l e  o n l y  when u s i n g  t h e  
Inverse  Power, Determinant and T r i d i a g o n a l  Reduct ion FEER) methods o f  e igenvalue 
e x t r a c t i o n  i n  R i g i d  For~ i ia ts  3, 10, 11, 12, 13 and 15 I Displacement approach) and 
i n  R ig ids  Formats 10 and 11 ( A e r o e l a s t i c  approach).  Th i s  f e a t u r e  i s  p a r t i c u l a r -  
l y  v a l u a b l e  i n  t h e  case o f  l a r g e  o r d e r  e igenva l  ue problems. 
In .  o r d e r  t o  use the APPEND f e a t u r e ,  t h e  use r  f i r s t  requests  a  checkpo in t  
of an e igenva lue  problem employing one o f  t h e  t h r e e  above-mentioned methods o f  
e igenvalue e x t r a c t i o n .  T h i s  r u n  can t e rm ina te  f o r  any reason so l o n g  as t h e  
READ (Real Eigenval  ue Analysis-Disp3,acement approach) module f i n d s  a t  1 e a s t  
one e igenva l  ue and one e i genvec to r  and t h e  LAMA (e igenva lue)  and PHIA (e igen-  
vec to r )  f i l e s  a re  s u c c e s s f u l l y  checkpoin ted,  The READ module a l s o  se t s  t h e  
parameter N E I G V  t o  be equal  t o  t h e  number o f  e igenvalues and e igenvec to rs  
found on t h i s  checkpoin t  run.  
The use r  then r e s t a r t s  and a c t i v a t e s  t h e  APPEND f e a t u r e  by changing e i t h e r  
t he  METHgD c a r d  i n  t h e  Case Con t ro l  Deck and/or t h e  EIGR c a r d  i n  t h e  Bu l k  Data 
Deck so as t o  f o r c e  t h e  re -execu t i on  o f  t h e  READ module. The method o f  e igen-  
value e x t r a c t i o n  used i n  t h e  r e s t a r t  need n o t  be t h e  same as t h a t  used i n  t h e  
checkpo in t  run ,  b u t  t h e  s t r u c t u r a l  model a n d t h e  c o n s t r a i n t  da ta  must be t h e  
same. Also,  t h e  user  must ensure t h a t  t h e  range o f  e igenvalues s p e c i f i e d  on 
the  E I G R  B u l k  Data  c a r d  f o r  t h e  r e s t a r t  does @ i n c l u d e  t h e  e igenvalues t h a t  
have p r e v i o u s l y  been found and checkpointed. I t  i s  l e f t  t o  t h e  user  t o  s a t i s f y  
t h i s  requ i rement .  The program does n o t  check f o r  t h i s  c o n d i t i o n .  
The APPEND f e a t u r e  causes t h e  READ module t o  r e t r i e v e  t h e  e igenvalues and 
e igenvec to rs  f rom the  p r e v i o u s l y  checkpoin ted LAMA and P H I A  f i l e s ,  r e s p e c t i v e l y ,  
( t h i s  r e t r i e v a l  i s  done i n  sub rou t i ne  READ7 w i t h i n  t h e  READ module; t h e  number 
o f  e igenva l  ues and e i genvec to r s  retri eyed i s  i n d i c a t e d  by a  use r  i n f o r m a t i o n  
message) and t o  subsequent ly  combine them w i t h  t h e  newly computed r e s u l t s .  
Th is  i s  shown schema t i ca l l y  by t h e  f l o w  diagram i n  F i gu re  1. The e igenvalues 
and e igenvec to rs  ou tpu t  by t h e  r e s t a r t  i n c l u d e  those p r e v i o u s l y  checkpointed. 
Also,  t h e  r e s u l t i n g  e i genvec to r s  a r e  norma l i zed  acco rd i ng  to, t h e  method o f  
normal i t a t i o n  s p e c i f i e d  i n  t h e  r e s t a r t .  
I n  c e r t a i n  cases o f  r e s t a r t ,  the  use r  may n o t  be i n t e r e s t e d  i n  r e t r i e v i n g  
a l l  t h e  N E I G V  e igenval  ues and e igenvec to rs  found on a checkpo in t  run.  I n  such 
cases, the use r  may r e t r i e v e  on1 y t h e  f i r s t  n (n  < H E I G V )  e igenvalues and eigen- 
vectors  f r o m  t h e  LAMA and PHIA f i l e s ,  r e s p e c t i v e l y ,  by r e s e t t i n g  t h e  parameter 
NEIGV i n  t h e  r e s t a r t  t o  be equal  t o  n ( t h i s  c a p a b i l i t y  i s  n o t  a v a i l a b l e  i n  
Level 17.0, b u t  w i l l  be i n  Leve l  17.5. ) by weans o f  a PARAM s ta tement  j u s t  
before the READ module i n  t h e  DMAP sequence. T h i s  i s  done by means o f  a DMAP 
a l t e r  i n  t h e  Execut ive C o n t r o l  Deck o f  t h e  r e s t a r t .  
THE CONTINUE FEATURE 
In t r a n s i e n t  ana l ys i s ,  i t  i s  f r e q u e n t l y  necessary t o  c o n t i n u e  t h e  i n t e g r a -  
t i o n  of t h e  coupled equa t ions  beyond t h e  l a s t  ( o r  f rom any e a r l i e r  i n t e r m e d i a t e )  
ou tpu t  t i m e  f o r  which t h e  s o l u t i o n  was ob ta i ned  i n  a  p rev i ous  run.  Thus, t h e  
i n i t i a l  t i m e  f o r  t h e  new r u n  i s  t o  be a  s p g c i f i e d  ou tpu t  t i m e  o f  t h e  p rev ious  
run .  A1 so, t he  displacements, v e l  o c i  t i e s  and acce l  e r a t i  ons co r respond i  ng t o  t h e  
s p s c i f i e d  o u t p u t  t i ~ l i e  o f  t he  p rev ious  r u n  a r e  t o  be used as t h e  i n i t i a l  condil- 
t i o n s  f n r  t h e  new run.  The CONTINUE f e a t u r e  a v a i l a b l e  i n  Level  17.0 v e r s i o n  o f  
NASTRAN rriakes i t  poss ib l e  t o  do t h i s  w i t h o u t  re -execu t ing  t h e  e n t i r e  problem. 
It i s  a v a i l a b l e  i n  bo th  R i g i d  Fomlats 9 and 12 (Displacement approach). Th is  
f e a t u r e  can be p a r t i c u l a r l y  v a l u a b l e  i n  t h e  case o f  l a r g e  o r d e r  t r a n s i e n t  analy-  
s i s  p rob l  enis i n v o l v i n g  extended i n t e g r a t i o n s  , 
I n  o rde r  t o  use the CONTINUE fea tu re ,  t h e  user  f i r s t  reques ts  a  checkpo in t  
o f  a  coupled t r a n s i e n t  a n a l y s i s  problem i n  t h e  normal nlanner. Th i s  r un  can 
t e rm ina te  f o r  any reason so l o n g  as t h e  TRD (T rans ien t  Analys is-Disp lacement  
approach) rnodule computes the  s o l u t i o n  f o r  a t  l e a s t  one o u t p u t  t i m e  and t h e  
UDVT ( d i s p l  acenient-vel o c i  t y -acce l  e r a t i o n )  f i  1  e i s  s u c c e s s f u l l y  checkpoi  n ted.  
The TBL ( l i s t  o f  ou tpu t  t imes)  f i l e  would have been p r e v i o u s l y  checkpoin ted 
subsequent t o  t h e  execu t ion  o f  t h e  TRLG ( T r a n s i e n t  Load Generator )  module. 
The TRD rnodule d l s o  s e t s  t h e  parameter NG@L t o  be equal t o  the  number o f  o u t p u t  
t i rne steps (which i s  a l s o  equal t o  o n e - t h i r d  t h e  nulnbetl o f  columns i n  t h e  UDVT 
m a t r i x )  i n  t h e  checkpo in t  r un .  
The user  then r e s t a r t s  and a c t i v a t e s  t h e  CONTINUE f e a t u r e  by changing any 
one o r  more of  severa l  cards e i t h e r  i n  t h e  Case Cont ro l  Deck (OLDAD, NgNLINEAR, 
TSTEP cards )  and/or i n  t he  Bul k Data Deck (TSTEP, DAREA, DLflAD, FflRCE, e t c .  ) 
tihat de' f ine a i t h e r  t h e  dyranl ic l o a d i n g  and/or t he  t ime s t e p  s e l e c t i o n .  Th i s  
f o r c e s  the  re -execu t ion  o f  bo th  t h e  TRLG and TRD modules. The dynan~ic l o a d i n g  
and /o r  the  t ime s t e p  s e l e c t i o n  i n  t h e  r e s t a r t  need be the same as t h a t  gsed 
i n  t h e  checkpoin t  run, b u t  t h e  s t r u c t u r a l  model and t h e  c o n s t r a i n t  da ta  must 
be t h e  same. 
The CONTINUE f e a t u r e  causes t h e  i n t e g r a t i o n  o f  t h e  coupled equat tons t o  
con t i nue  f rom a spec i ' f i c  i n i t i a l  t ime.  For  normal r e s t a r t s  ( i n  which t h e  
checkpoin ted va lue  o f  t h e  parameter NCDL i s  a u t o m a t i c a l l y  used), t h i s  i n i t i a l  
t i m e  i s  t h e  l a s t  ou tpu t  t ime  o f  t h e  checkpo in t  run.  However, i n  c e r t a i n  cases, 
the user may w i s h  t o  r e s t a r t  t h e  i n t e g r a t i o n  f r om  an i n t e r n ~ e d i a t e  ( r a t h e r  than  
frorn t he  l a s t )  ou tpu t  t ime  o f  t he  checkpo in t  run. I n  such cases, t h e  u s e r  
should  r e s e t  t h e  parameter NCP)L t o  correspond t o  t h e  d e s i r e d  i n t e r m e d i a t e  o u t -  
p u t  t i m z  by means o f  a PARAM s ta tement  j u s t  be fo re  t he  TRLG module i n  the  DMAP 
sequence. Thl's i s  done by nieans o f  a DMAP a l t e r  i n  t h e  Execu t i ve  Con t ro l  Deck 
o f  t h e  r e s t a r t .  
The ou tput  o f  t h e  r e s t a r t  does i n c l u d e  t he  s o l u t i o n s  o f  t h e  checkpo in t  
run, bu t  only those s o l u t i o n s  t h a t  a r e  computed by the r e s t a r t .  Also, any i n i -  
t i a l  c o n d i t i o n s  s p e c i f i e d  i n  t h e  r e s t a r t  da ta  a r e  i gno red  s i n c e  t h e  s o l u t i o n  i s  
con t i nued  by us i ng  t h e  displacements,  v e l o c i t i e s  and a c c e l e r a t i o n s  cor responding 
t o  t h e  s p e ~ i f i e d  o u t p u t  t i m e  o f  t h e  checkpo in t  r u n  as i n i t i a l  c o n d i t i o n s  f o r  
the r e s t a r t .  
The f i r s t  d isplacement Iu, 1 of  t h e  r e s t a r t  ( o r  CONTINUEd r u n )  i s  g i ven  by 
where the nlatrices [ D l ,  CCI and [ E l  are given by 
and 
and ( P o l  = [K1 {u,) + ED1 {;,I + [ M I  € O n }  , ( 5 )  
I n  the above equations, CM1, [B] and [ K I  are  the mass, damping and s t i f f g e s s  
m a t r i c e s ,  respect ive ly ;  { u n l ,  I$,} and {ti,,] are t h o  displacements, ve loc i t i e s  
and accelerhtions, respect ively ,  a t  the  spec i f i ed  o u t p u t  time t, o f  the  check- 
point run, and A t  'is t h e  i n i t i a l  time s tep for  t he  restart. {PI) i s  the l o a d  a t  
t i ine t = tn +' n t  and I N o }  i s  t h e  i n i t i a l  non-linear load.  
The assumptions represented by Equations ( 6 )  through (8) introduce e r ro rs  
i n  t he  r e s t a r t .  These inherent e r ro rs  may be minimized by selecting the  i n i t i a l  
t ime  s t ep  in the r e s t a r t  t o  be t h e  same as the time step used i n  t h e  checkpoint 
run j u s t  be fore  the r e s t a r t .  
EXAMPLES 
In order t o  i l l u s t r a t e  the use of the APPEND and CONTINUE fea tures  d is -  
cussed above, two examples were selected.  Example 1 i s  the analys is  o f  the  
transverse vibrations of a 10-cell beam. The f i n i t e  element model used i s  
shown in  Figure 2 ,  Example 2 i s  the  t r ans ien t  analys is  o f  a 1000-cell s t r i ng  
( travel7 i n g  wave problem). This i s  the  same as NASTRAN Demonstration Problem 
No. 9-2-1 (Reference 2 ) .  The f i n i t e  element model used i s  shown in  Figure 3 .  
Both these problems were run on t h e  CDC CYBER computer u s i n g  a post-Level 17.0 
vers ion o f  NASTRAN. 
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Discussion o f  Example 1 
Al 1 the  twenty (20) na tu ra l  f requencies o f  t h e  n~odel of Example 1 were 
f i r s t .  cot~iputed. These are l i s t e d  i n  Table 1 t o  f a c i l i t a t e  comparison w i t h  
subsequent r e s u l t s .  I n  order  t o  i l l u s t r a t e  t h e  use o f  the  APPEND fea ture ,  a 
eheckpo.int run was then niade us ing the Inverse  Power ~iiethod and the  f i r s t  e ~ g h t  
niodes were computed, These are presented i n  Table 2 .  Using the  r e s u l t s  o f  
t h i s  checkpoint run,  r e s t a r t s  were then niade under v a r i  ous condi Lions us ing  d i f -  
f e ren t  e x t r a c t i o n  methods. The r e s u l t s  obta ined a r e  presented i n  Table 3. As 
can be seen, a l l  these r e s t a r t s  i nvo l ve  the  r e t r i e v a l  o f  t h e  e i g h t  modes o f  the  
checkpoint run o f  Table 2. 
Discussion o f  Example 2 
A t r a n s i e n t  analys is  o f  t h e  nlodel o f  Exa~liple 2 was f i r s t  made using twanty 
(20) tirrie steps. ( A l l  runs f o r  t h i s  example were rt~ade on R i g i d  Format 9 us ing  
t ime steps o f  0.0005 seconds.) The displacements f o r  p o i n t  10 are l i s t e d  i n  
Table 4 t o  fac , i ! i ta te  c o ~ ~ ~ p a r i s o n  w i t h  subsequent r e s u l t s .  I n  o rder  t o  i l l u s -  
t r a t e  the CONTINUE fea tu re ,  a checkpoint run  was then ii~ade us ing  only t en  (10) 
t ime steps. The displacements f o r  p a i n t  10 obtained i n  t h i s  r u n  are presented 
i n  Table  5. As can be seen, these r e s u l t s  a r e  merely a subset o f  those i n  Table 
4. The i n t e g r a t i o n  o f  Table 5 was then CONTIMUEd f o r  t en  (10) more t ime steps 
by r e s t a r t i n g  from the  l a s t  ou tpu t  t ime i n  Table 5 (0.005 second). The r e s u l t s  
a re  presented i n  Table 6. I n  o r d ~ r  t o  i l l u s t r a t e  the  r e s e t t i n g  o f  t he  paranleter 
NCgL, an a d d i t i o n a l  r e s t a r t  was made by changing the value o f  NCgL t o  6 ( f rom 
i t s  o r i g i n a l  val.ua o f  11 ) and t h e  i n t e g r a t i o n  o f  Table 5 was CONTINUEd f o r  
f i f t e e n  (15)  trlore t i m e  steps. This thus invo lved s t a r t i n g  fronr an i n i t i a l  t ime 
of 0.0025 second. The r e s u l t s  o f  t h i s  run  are  shown i n  Table 7. A comparison 
o f  t he  resu l t s  o f  Tables 6 and 7 w i t h  t h e  corresponding r e s u l t s  i n  Table 4 
revea ls  the i nhe ren t .e r ro rs  caused by t h e  CONTINUE fea tu re .  
SUMMARY AND CONCLUSIONS 
Two very important and use fu l  fea tures  a v a i l a b l e  i n  Level 17.0 vers ion  of 
NASTRAN have been described. The f i r s t  one i s  t he  APPEND f e a t u r e  which i s  ap- 
p l  i c a b l e  i n  t he  case o f  real eigenvalue ana lys is .  Th i s  f e a t u r e  permits t h e  
a d d i t i o n  o f  new eigenvalues and eigenvectors t o  those a l ready  computed i n  a 
p rev ious l y  checkpointed run w i thou t  re-execut ing the  e n t i r e  problem. The 
second fea ture  i s  t h e  CONTINUE fea ture  which i s  app i i cab le  i n  t h e  case o f  t ran -  
s i e n t  analys is  o f  coupled equations. This enables the  i n t e g r a t i o n  o f  coup7 ed 
equat ions t o  be cont inued beyond the l a s t  ( o r  from any e a r l i e r  in te rmed ia te)  
ou tpu t  time f o r  which the s o l u t i o n  was obta ined i n  a prev6ously checkpointed 
run (w i thout  re-execut ing the  e n t i r e  problem). The use o f  these two fea tures  
has been il l u s t r a t e d  by means o f  two s u i t a b l e  examples. 
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Table  1 .  Resul ts  f o r  Example 1 
(using Givens mcthod) 
Mode Natura l  frequency 
no.  (Hz) 
- 
1' 1.591 560E-02 
2 6.366879E-02 








11 2.091 890E+00 
12 2.519921 [+-OD 
13 3,086530EtOD 
14 3.71 2652E+00 
15 4.44021 6E+00 
16  5.273030EtOO 
17 6.187597EtOO 
18 7.09701 3EMO 
19 7.814544E*00 
20 8,095071 E+00 
Table. 2.  Resul ts  o f  Checkpoint Run o f  Example 1 
(us ing Inverse Power method) 
Mode no. 
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7.9091 61 E-07 
1.042057E+00 
Eigenvalue extraction data 
Ft = 0.0 Hz 
F2 = 1.2 Hz 
NE = 8 
NO = 8 
Table 3. Results o f  Restart Runs o f  Exsr;rpie 1 Using Checkpoint Run o f  T3ble 2 





o f  Table 2 
I k te rm inan t  method 
h d e  no. 

















i n  Table 1 
Mode no. 












































1 -591 560E-02 
6.366879E-02 














1 -591 560E-02 
6.366879E-02 


















Eigenvalue extraction d a t a  I 
1.3327G~i-OD 
1.756489EiOO I 






fl = 3.0 Hz HE = 8 





by t h e  
method selected 
Results computed 
n = 2.0 HZ HE = 6 
F2 = 6.0 Hz l1D = 14 
fl = 5.0 Hz fill = 11 

Table 6. Resu l t s  o f  R e s t a r t  Run o f  Exani!,lc 2 
Using Cthcckpoint Run o f  Tab lc !i 
Table 7. Resul ts  o f  R e s t a r t  Run o f  Example 2 Using Checkpoint Run 
o f  Tab le  5 and Witti Parameter NCbL Reset  t o  6 













f l r i ~ o  s t e p  no. 





























































Tinle s t e p  no. 





1 0  
11 
1 2  
13 
.I4 
1 5  
16  
17  
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OF POOR Q U & ~  
Se1 ec t  Problem Type 
Select Method 
Inverse Power, Detern~inant or Tridiagonal (Givens) Method 
' fridiagonal Reduction (FEER) 
Method 




Normalize Eigcnvectors and 
( i f  required) Form Modal 
Mass Matrix 
Retrieve Eigenval ues 
and Eigenvectors 
' 
Figure 1 .  Flow Diagram f o r  the Real Eigcnvalue Analysis Module, WAD. 
Extract Eigenvalues and 
.. ~i oenvectors by the 
lt!etliod Selected 
Previously Checkpointed 
Compute Rig id   bod.^ 
Modes ( i f  any) , 
Parameters : 
Length o f  each BAR element = L = I- -- !OOD.O In .  (25.4 m) 
Young's modulus Shear nlodulus = 1.0 x lo7 psi (6.89477 x 10" q/m2) 
Mass density = 0.9069604 ~b.-sec~/in.~ (1.05475 x lo7 ~ g / m ~ )  
9 Area o f  cross section o f  each OAR element = 9.869604 in." 
= 6.36747 x lom3 fl? 
6 4 Area moments o f  inertia = 1.0 x 10 fn. 
0.41623 m4 
figure 2. Representation o f  10-Cell Beam o f  Example 1 
1000-Cell S t r i n g  
F i n i t e  El elllent I~Iodcl 
Parameters : 
T 7 ki = = 10 ( s t i f f n e s s  u n i t s )  f o r  a l l  i 
mi = l.dx = 10 (mass u n i t s )  for a l l  i 
Loading: 
The i n i t i a l  displacenrents are given by: 
ui = 0.2 ( i - 1 )  for 2 1 i 1 11 
ui = 0.2 (21-1) f o r  11 cf 5 2 1  
and 
ui = 0.0 f o r  i 2 21 
Figure 3. Representat ion o f  1000-Cell St r i ng  o f  Example 2 
